ABSTRACT. The baseline susceptibility of Helicoverpa armigera (Hübner) 
INTRODUCTION
Cotton is a very important fibre crop in India; farmers loose the cotton yield due to various insect pests at vegetative and reproductive stages of the crop. Among the insect species, the American bollworm, H. armigera, is the most serious pest, which causes about US $1 billion worth of damage to agricultural crops in India (Gujar et al., 2000) . H. armigera has acquired resistance to almost all the insecticides available in the market. Transgenic cotton, expressing the δ-endotoxin gene from the bacterium Bacillus thuringiensis (Bt) is a promising technology to manage cotton bollworms (Naranjo and Vicente, 2008) . Bt cotton has been the first genetically modified crop introduced to India during 2002 against bollworms. The first generation Bollgard cultivars (BG I) produces Cry1Ac toxin to control H. armigera (Kranthi et al., 2009) . During 2005 second generation Bollgard II (BG II) cultivars were introduced which contains, two Bt toxins, Cry 1Ac and Cry 2Ab, and offer an improved pest management compared to Bollgard cultivars (Vitale et al., 2008) . Baseline susceptibility of H. armigera to Cry 1Ac toxin in India is known (Gujar et al., 2000 & Jalali et al., 2004 but there are no data on the extent of variability in H. armigera susceptibility to BG II cultivars in Tamil Nadu. Hence, the current study focused on the assessment of baseline susceptibility of cotton bollworm, H. armigera to the BG II Bt cotton cultivars in Tamil Nadu.
MATERIALS AND METHODS

Sampling Regions and Maintenance of H. armigera Populations
The study was conducted during 2010-2011 at Department of Agricultural Entomology, Tamil Nadu Agricultural University, Coimbatore, India. The H. armigera larvae were mostly collected as late instar larvae (III instar and above) in cotton fields during cropping season of 2009-2010 from major cotton growing regions of Tamil Nadu viz., Coimbatore, Attur, Madurai, Kovilpatti and Theni. The larvae collected from each location were reared separately till pupation on a semi synthetic diet (Patel et al., 1968) . Adults, emerging from the pupae, were given 10 per cent honey solution throughout their egg-laying period. About 10 pairs of adults were kept in each jar. The eggs laid on muslin cloth were kept in a separate jar at 27 o C moistened with water. Upon hatching the neonate larvae were considered as F1 generation. The neonates belonging to different generations were used for this study.
Bioassay with Detached Plant Parts
Bioassays were conducted using detached plant parts of 60, 90, 120 and 150-day-old BG II Bt cotton and non-Bt cotton (RCH 2) viz., fully opened fourth leaf, squares and bolls from two to three nodes below the terminal end. The detached leaves were cut into small pieces and placed on moist filter paper in Petri plates. Similarly, square and bolls were kept in plastic polypots. The test materials were changed once in three days. Ten first instar larvae of different geographic population of H. armigera were released in each Petri plate and polypot. Each treatment was replicated three times and at least 30 larvae were used per experimental unit. Mortality of the larvae was recorded every 24 hours for seven days. The larvae were marked dead when they did not move when prodded. All the experiments were carried out in a room with photoperiod of 14: 10 (L: D) and average temperature of 27 0 C with 60 per cent relative humidity.
Diet Incorporation Bioassay
For diet incorporation bioassay, the plant tissues of 60, 90, 120 and 150-day-old BG II Bt cotton and non-Bt cotton (RCH 2) viz., fully opened fourth leaf, squares and bolls from two to three nodes below the terminal end were collected from farmer fields and placed individually in zip-lock sample bags and were immediately frozen on dry ice. After samples were thoroughly frozen, either on dry ice (-40 o C) or in ultra-low freezer (-80 o C), the samples were completely lyophilized for duration of two days. When lyophilization was completed, samples were removed and individually grounded at room temperature using pestle and mortar; cotton lint, which was two fibrous to grind, was removed from mature boll samples. Grinding was completed when the dry powder would go through a 40 mesh sieve. Individual powder samples were stored in labeled screw-cap vials at -20 o C (Greenplate, 1999) .
For bioassay, 100 mg of powder sample was diluted with 5.0 ml of 0.2 per cent agar solution. Further dilutions of this 2 per cent (wt: vol) powder slurry stock were made in 0.2 per cent agar to create samples for application to insect diet. The samples were transferred at the rate of 500 µl of sample in 0.2 per cent agar to surface of 5 ml chickpea based diet in the wells of diet tray (32 well larval rearing trays). The diet tray was left open under the hood and the samples were allowed to surface dry. Care was taken not to over dry the diet. Once the samples had dried, 30 first instar larvae were released in to each tray (32 well multi-cavity tray) and were sealed. Mortality of the larvae was recorded every 24 hours for seven days. The larvae were marked dead when they did not move when prodded (Navon, 2000) . All the experiments were carried out in a room with photoperiod of 14: 10 (L: D) and average temperature of 27 o C with 60 per cent relative humidity.
Statistical Analysis
One way analysis of variance was carried out in completely randomized design as described by Gomez and Gomez (1984) . Square root transformation was done to determine the significance in the differences between the mean values of mortality.
RESULTS AND DISCUSSION
Geographic variations of the susceptibility of important insect pests have not been established for transgenic crops. But, few countries have established baseline susceptibility to respective Bt proteins (Jalali et al., 2004) . Results of the present study revealed that all the populations were highly susceptible to all plant parts (leaves, squares and bolls) of different ages (60, 90, 120 and 150-day-old) of transgenic BG II Bt cotton (RCH 2) ( Table 1 and 3) and least susceptible to non-Bt cotton (Table 2 and 4), respectively. The toxicity was highest on 60-day-old plant parts followed by 90, 120 and 150-day-old. Across the populations, Kovilpatti, Theni and Madurai populations were highly susceptible to leaves, squares and bolls of 60, 90, 120 and 150-day-old plants, respectively. Lowest mortality was observed in the populations of Attur and Coimbatore.
Baseline Susceptibility of H. armigera in Detached Plant Part Bioassay Method
The results of the study show the toxicity of different plant parts of BG II Bt cotton (RCH 2) to the H. armigera larvae collected from various places of Tamil Nadu. Population from Kovilpatti (80 to 100 per cent), Theni (76.7 to 96.7 per cent) and Madurai (76.7 to 93.3 per cent) had the highest mortality, whereas, populations from Attur (70 to 83.3 per cent) and Coimbatore (70 to 86.7 per cent) had the lowest mortality at different age of crop growth (Table 1) . Bioassay results indicated that there was variability across the populations of H. armigera. Similar studies conducted in India showed geographic variations in susceptibility of insects to different Bt proteins. H. armigera collected from more than 15 locations across India also showed around 10 fold variations in the susceptibility (Gujar et al., 2000) . The study obviously showed the temporal variations in the susceptibility of H. armigera larvae to BG II Bt cotton (RCH 2). The highest mortality was observed at 60-day-old Bt cotton plant parts followed by 90, 120 and 150-day-old. This results are consistent with the finding of Fitt et al. (1994); Fitt (1998); Olsen et al. (1998); Adamczyk et al. (2001) ; Srinivasan and Uthamasamy (2006) ; Kannan and Uthamasamy (2007) . Olsen et al. (2005) suggested that the developmental decline in expression and toxicity of Cry 1Ac gene was associated with reduced Cry1Ac mRNA transcript and toxin levels in post squaring cotton. The reduction in Cry1Ac mRNA transcript was most likely due to a failure of the 35 S promoter in post squaring cotton. In addition, changes in plant physiology, associated with the maturation of the cotton plant were observed to contribute changes in the efficacy on Bt cotton.
The results of the experiment also revealed that expression of toxicity vary with plant parts; leaves expressed higher toxicity followed by squares and bolls. This result is in conformity with Mohan and Manjunath (2002) and Kranthi et al. (2005) , who reported that the concentrations of Cry1Ac in reproductive tissue, in Indian hybrids were relatively lower. 
Baseline Susceptibility of H. armigera in Diet Incorporation Bioassay Method
The study reported that percentage mortality of H. armigera in (diet incorporation bioassay method) lyophilized plant parts of BG II Bt cotton (RCH 2) ranged from 63.33d ± 1.58 to 93.33 ± 2.33 per cent ( Bolls 0.00b ± 0.00 0.00b ± 0.00 0.00b ± 0.00 3.33a ± 0.08 3.33a ± 0.08 0.1203 0.251 4.25
Non-Bt cotton-150 day
Leaves 3.33a ± 0.00 3.33a ± 0.00 3.33a ± 0.08 3.33a ± 0.08 0.00b ± 0.00 0.1474 0.3075 3.61 Squares 0.00b ± 0.00 0.00b ± 0.00 3.33a ± 0.08 3.33a ± 0.08 0.00b ± 0.00 0.1203 0.251 4.25 Bolls 0.00b ± 0.00 0.00b ± 0.00 0.00b ± 0.00 3.33a ± 0.08 0.00b ± 0.00 0.0851 0.1775 5.38 The results of the present study indicate the variation in susceptibility of H. armigera to transgenic BG II Bt cotton (RCH 2) across Tamil Nadu both in detached plant parts and diet incorporation assays. The results are in agreement with findings of Kannan and Uthamasamy (2007) . They revealed that Guntur and Raichur populations were least susceptible and Coimbatore, Dharwad, Warangal, Attur populations were moderate to most susceptible to Bt cotton (RCH 2). The results of the present investigation are in contrast with the findings of Gujar et al. (2000 Gujar et al. ( , 2007 , Kranthi et al. (2000 Kranthi et al. ( , 2009 , Fakrudin et al. (2003) and Jalali et al. (2004) in India. The mortality of H. armigera larvae were low on diet incorporated with lyophilized plant materials than detached plant parts of fresh materials. Similarly, Kannan and Uthamasamy (2007) also reported that diet incorporation bioassays detected a highly significant decline in the efficacy, than detached fresh plant parts bioassays against H. armigera. The values are means of 30 observations; means followed by different letters within a column indicate significant differences (P=0.05: LSD) SE -Standard Error
CONCLUSIONS
The variations in the baseline susceptibility data is the indication of the development of resistance among the population of insects. In order to develop a effective pest management programmes and to develop a strategy to overcome resistant development for the effective control of insects, there is a need for continuous monitoring of temporal, spatial baseline susceptibility changes. The presence of variations in the susceptible populations of H. armigera also may lead to the development of resistance in the future. However, it depends on the presence of genetic inheritance of the resistance and selection pressure given to the target insect over period of time. Establishment of baseline information may provide the basis for rational resistance management strategies to retard the rate of development or resistance in cotton production.
